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CLAIMS 



(57) [Claim(s)] 

[Claim 1 ] The lithium manganese multiple oxide and aluminum as an active principle, 
(After amendment) It is the powdered positive active material which consists of a non-[ 
which was chosen from the group which consists of magnesium, vanadium, chromium, 
iron, cobalt, nickel, and zinc / at least / a kind of] manganese metallic element. Said non- 
manganese metallic element is formula:LixMyMn(2-y) 04 (M among a formula) to some 
[ at least ] surface parts of the particle which constitutes said powdered positive active 
material, aluminum, Mg, V, Cr, Fe, Co, nickel, or Zn -- being shown — x — 0 - super- - 
one or less number - it is — y — 0 — super- — one or less number it is - the powdered 
positive active material which carries out the description of existing with the structure 
shown. 

[Claim 2] (Deletion) 

[Claim 3] The lithium manganese multiple oxide as an active principle, and aluminum, 
magnesium, It is the powdered positive active material which consists of a non-[ which 
was chosen from the group which consists of vanadium, chromium, iron, cobalt, nickel, 
and zinc / at least / a kind of ] manganese metallic element. On the front face of the fine 
particles which were chosen from the group which consists of manganese oxide, oxy- 
manganese hydroxide, and manganese hydroxide and which consist of a kind at least The 
process which was chosen from the group which consists of the oxide, oxy-hydroxide, 
and hydroxide of said non-manganese metallic element and on which a kind is made to 
put at least, it was chosen out of the group which consists of the manganese oxide, oxy- 
manganese hydroxide, and manganese hydroxide which were prepared such - with a 
kind at least The fine particles which were chosen from the group which consists of the 
oxide, oxy-hydroxide, and hydroxide of said non-manganese metallic element and which 
contain a kind at least Powdered positive active material characterized by being prepared 
through the process which holds the process which is mixed with the salt containing a 
lithium hydroxide or a lithium, and prepares mixture, and its mixture in temperature of 
300-1000 degrees C. 

[Claim 4] Powdered positive active material according to claim 1, a negative-electrode 
active material, and the nonaqueous electrolyte rechargeable battery that consists of 
nonaqueous electrolyte containing lithium salt. 

[Claim 5] Powdered positive active material according to claim 3, a negative-electrode 
active material, and the nonaqueous electrolyte rechargeable battery that consists of 
nonaqueous electrolyte containing lithium salt. 

[Claim 6] The fine particles which were chosen from the group which consists of 
manganese oxide, oxy-manganese hydroxide, and manganese hydroxide and which 
contain a kind as a main component at least Aluminum, magnesium, vanadium, 
chromium, iron, cobalt, It suspends in the water solution containing the water solubility 
salt of at least a kind of non-manganese metallic element chosen from the group which 
consists of nickel and zinc. Were prepared through the process 1 which prepares 
suspension, the process 2 which adds a base to the suspension and is neutralized, and 
processes 1 and 2. it was chosen out of the group which consists of the manganese oxide, 
oxy-manganese hydroxide, and manganese hydroxide as a main component - with a kind 



at least Aluminum, magnesium, vanadium, chromium, iron, cobalt, The oxide of at least a 
kind of non-manganese metallic element chosen from the group which consists of nickel 
and zinc, The fine particles which were chosen from the group which consists of an oxy- 
hydroxide and a hydroxide and which contain a kind at least The manufacture approach 
of the positive active material for nonaqueous electrolyte rechargeable batteries which is 
mixed with the salt containing a lithium hydroxide or a lithium, and consists of a process 
4 which holds the process 3 which prepares mixture, and its mixture in temperature of 
300-1000 degrees C. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

Technical field to which background invention of invention belongs This invention 
relates to the nonaqueous electrolyte rechargeable battery containing the positive active 
material for nonaqueous electrolyte rechargeable batteries, its manufacture approach, and 
its positive active material. Furthermore, this invention relates to amelioration of the 
positive active material for nonaqueous electrolyte rechargeable batteries in detail. 
Description of a related technique As compared with the nickel cadmium rechargeable 
battery and nickel hydrogen rechargeable battery which are the mainstream 
conventionally, there are the features of having high energy density (workload which can 
be taken out from a charged cell to per cell volume) in a rechargeable lithium-ion battery. - 
Then, development of a rechargeable lithium-ion battery is conjointly furthered for a 
request called the miniaturization to a present portable electronic device, and lightweight- 
izing energetically. 

In the rechargeable lithium-ion battery by which current marketing is carried out, the 
lithium cobalt multiple oxide expressed with LiCo02 is used as positive active material. 
LiCo02 is the outstanding active material, and the rechargeable battery using it has a 
large charge-and-discharge capacity, and has the stable charge-and-discharge cycle 
durable property. However, since the cobalt which is one of the raw material of the has 
few amounts of resources of the mineral containing it, it is expensive. Therefore, use of 
the lithium nickel multiple oxide expressed with LiNi02 as positive active material 
replaced with LiCo02 and the lithium manganese multiple oxide which has the Spinel 
structure expressed with LiMn204 grade is considered. Among these, the raw material 
price of a lithium manganese multiple oxide is low, and there are few loads to an 
environment. So, the request to the utilization is strong. 

However, the rechargeable battery using the lithium manganese multiple oxide as 
positive active material does not have an enough charge-and-discharge cycle durable 
property. That is, there is a difficulty that cell capacity deteriorates, by performing repeat 
charge and discharge. It is thought that this phenomenon originates in the property of the 
following related with a lithium manganese multiple oxide, and is produced as described 
by the paper (R. J.Gummow, A.de Kock and M.M.Thackeray, Solid State Ionics, Vol.69, 
p.p.59 -67 (1994) reference) by Gummow and others. 

In the state of discharge, especially in the first place [ the ], the disproportionate of a 
bottom type arises, and the property in which the Mn2+ ion generated as a result is eluted 
into the electrolytic solution is mentioned to it. This is irreversible reaction, therefore a 



lithium manganese multiple oxide crystal deteriorates by the elution to the inside of the 
electrolytic solution of Mn2+ ion. 

2Mn3+->Mn4++Mn2+ The property in which square distortion considered to originate in 
the Jahn-Teller effectiveness arises during the crystal in a discharge condition too is 
mentioned to the second. Generally this also degrades the charge-and-discharge cycle 
durable property of the rechargeable battery using a lithium manganese multiple oxide. 
formula:LixMyMn(2-y) 04 (the inside of a formula, and M - metallic elements, such as 
Ti, germanium, Fe, Co, Cr, Zn, nickel, and aluminum, - being shown - x - 0 « super- - 
it is one or less number.) which replaces some manganese by other elements and is 
obtained in order to improve such a fault of a lithium manganese multiple oxide and to 
raise the charge-and-discharge cycle durable property of the rechargeable battery using it 
y o - super- - one or less number - it is - use of the spinel compound shown is 
proposed (for example, J.M.Tarascon, D.Guyomard, Electrochem.Soc, Vol.139, p.937 
(1991) reference). It is clear that it is effective in degradation control of a lithium 
manganese multiple oxide crystal to divide and to permute some manganese with cobalt 
also in these metallic elements. This charge-and-discharge cycle durable property of 
rechargeable battery [ each ] which actually comes to use the multiple oxide which 
permuted some manganese and was obtained using these metallic elements including 
cobalt as positive active material improved (when comparing with the lithium manganese 
multiple oxide rechargeable battery of a basis). However, by such cell, the big fall of 
initial charge-and-discharge capacity was observed (for example, ** et al, the collection 
of the 36th cell debate (12-September 14, 1995, Kyoto) drafts reference by 181 pages and 
the electrochemistry association cell technical committee). 

Outline of indication invention of invention Like the above, the charge-and-discharge 
cycle durable property of the rechargeable battery using LiMn 204 improves by the 
approach by which the conventional proposal was made. For example, when a part of Mn 
in LiMn 204 is permuted by LiMn 204 by the dissimilar metal element by the approach 
of adding a dissimilar metal element to homogeneity, the rechargeable battery using the 
multiple oxide made by such approach has the improved cycle durable property of charge 
and discharge. However, the problem of a fall of the charge-and-discharge capacity of a 
cell produced by addition of a dissimilar metal element is not solved in this case. 
This invention offers the approach of improving the trouble in the conventional positive 
active material for nonaqueous electrolyte rechargeable batteries. 
The above-mentioned problem about the charge-and-discharge cycle durable property 
found out wholeheartedly being improved without the charge-and-discharge capacity 
falling [ this invention person ] greatly in the rechargeable battery of a lithium manganese 
multiple oxide particle which will come to use such a multiple oxide particle as positive 
active material if non-manganese metallic elements, such as cobalt, exist especially near a 
front face as a result of examination. This invention was completed based on such 
knowledge. Thus, this invention comes to solve the problem in the conventional 
technique by [ of a lithium manganese multiple oxide particle ] controlling especially 
degradation of a surface part. 

That is, the first mode of this invention is powdered positive active material which 
consists of a non-[ which was chosen from the group which consists of the lithium 
manganese multiple oxide, aluminum and magnesium, the vanadium, the chromium, the 
iron, the cobalt, nickel, and zinc as an active principle / at least / a kind of] manganese 



metallic element, and said non-manganese metallic element is related with the powdered 
positive active material characterized by existing in some [ at least ] surface parts of the 
particle which constitutes said powdered positive active material 
it is desirable to have some [ at least ] surface parts of the particle which constitutes said 
powdered positive active material, i.e., the part in which a non-manganese metallic 
element exists, **, and the structure shown by formula:LixMyMn(2-y) 04 (the inside of 
a formula and M - aluminum, Mg, V, Cr, Fe, Co, nickel, or Zn — to be shown — x — 0 — 
super- — one or less number — it is — y — 0 - super- -- it is one or less number). 
Moreover, the second mode of this invention is a lithium manganese multiple oxide as an 
active principle, Aluminum, magnesium, vanadium, chromium, iron, cobalt, It is the 
powdered positive active material which consists of a non-[ which was chosen from the 
group which consists of nickel and zinc / at least / a kind of] manganese metallic 
element. On the front face of the fine particles which were chosen from the group which 
consists of manganese oxide, oxy-manganese hydroxide, and manganese hydroxide and 
which consist of a kind at least The process which was chosen from the group which 
consists of the oxide, oxy-hydroxide, and hydroxide of said non-manganese metallic 
element and on which a kind is made to put at least, it was chosen out of the group which 
consists of the manganese oxide, oxy-manganese hydroxide, and manganese hydroxide 
which were prepared such — with a kind at least The fine particles which were chosen 
from the group which consists of the oxide, oxy-hydroxide, and hydroxide of said non- 
manganese metallic element and which contain a kind at least It mixes with the salt 
containing a lithium hydroxide or a lithium, and is related with the powdered positive 
active material characterized by being prepared through the process which holds the 
process which prepares mixture, and its mixture in temperature of 300-1000 degrees C. 
Furthermore, the third mode of this invention is related with either of the above- 
mentioned powdered positive active material, a negative-electrode active material, and 
the nonaqueous electrolyte rechargeable battery that consists of nonaqueous electrolyte 
containing lithium salt. 

in addition^ the fourth mode of this invention was chosen from the group which consists 
of manganese oxide, oxy-manganese hydroxide, and manganese hydroxide — let a kind 
be a main component at least The included fine particles Aluminum, magnesium, 
vanadium, chromium, iron, It suspends in the water solution containing the water 
solubility salt of at least a kind of non-manganese metallic element chosen from the 
group which consists of cobalt, nickel, and zinc, pass the process 1 which prepares 
suspension, the process 2 which adds a base to the suspension and is neutralized, and 
processes 1 and 2 — it was chosen out of the group which consists of prepared manganese 
oxide as a main component, and oxy-manganese hydroxide - with a kind at least 
Aluminum, magnesium, vanadium, chromium, iron, cobalt, The oxide of at least a kind 
of non-manganese metallic element chosen from the group which consists of nickel and 
zinc, The fine particles which were chosen from the group which consists of an oxy- 
hydroxide and a hydroxide and which contain a kind at least It mixes with the salt 
containing a lithium hydroxide or a lithium, and is related with the manufacture approach 
of the positive active material for nonaqueous electrolyte rechargeable batteries which 
consists of a process 4 which holds the process 3 which prepares mixture, and its mixture 
in temperature of 300-1000 degrees C. 

The nonaqueous electrolyte rechargeable battery with which the nonaqueous electrolyte 



rechargeable battery of the third mode of this invention is characterized by putting a non- 
manganese metallic element for all of the fine-particles particles or its part in the particle 
manufacture process at a particle front face including the fine-particles particle to which 
this positive active material makes a lithium manganese multiple oxide the active 
principle in the rechargeable battery with which it consists of nonaqueous electrolyte 
which contains positive active material, a negative-electrode active material, and lithium 
salt at least is included. 

The manufacture approach of the electrode active material for nonaqueous electrolyte 
rechargeable batteries of the fourth mode of this invention, the fine particles which use 
manganese oxide and/or (oxy-) manganese hydroxide as a main component be suspend in 
the water solution containing cobalt salt , the fine particles obtain by make alkali act and 
make cobalt oxide and/or (oxy-) cobalt hydroxide put on the front face of the fine 
particles particle concerned and the salt containing a lithium hydroxide or a lithium be 
mix , and the manufacture approach of the electrode active material for nonaqueous 
electrolyte rechargeable batteries characterize by hold in temperature of 300-1000 
degrees C be include . 

Below, this invention is explained at a detail. 

Detailed description Have a powder configuration, namely, the positive active material of 
this invention is fine particles. Moreover, although the diameter of the particle which 
constitutes the fine particles can be chosen from the large range of 0.02-40 micrometers, 
from the view of manufacture of fine particles, and the ease of application to the fuel cell 
subsystem, 0.1-40 micrometers is suitable for it. 

In this specification, the vocabulary a "particle" does not mean a globular form and points 
out each of the small particle which constitutes powder. Therefore, not only a spherical 
thing but things, such as the shape of a needle and a grain of rice and fibrous, are 
included by the concept of a "particle." 

Although the particle which constitutes the powdered positive active material of this 
invention contains a lithium manganese multiple oxide as the active principle, at least the 
part in the particle contains a specific non-manganese metallic element further into the 
surface part. 

the non-manganese metallic element used in this invention was chosen from the group 
which consists of aluminum, magnesium, vanadium, chromium, iron, cobalt, nickel, and 
zinc - it is a kind at least. In these, chromium, aluminum, cobalt, and nickel are suitable 
especially, cobalt and nickel are still more suitable, and cobalt is the most suitable. 
Moreover, chromium, iron, cobalt, and nickel make a group among these non-manganese 
metallic elements. 

"The particle to which a specific non-manganese metallic element exists in the surface 
part" in this invention, For example, the lithium manganese multiple oxide which 
contains said specific non-manganese metallic element on the front face of a lithium 
manganese multiple oxide particle The thing to which namely, (a non-manganese 
metallic element / lithium / manganese multiple oxide) come to adhere, It applies to a 
core part from the surface part, has the concentration gradient that a surface part is high 
and a core part is low (preferably 0) in a lithium manganese multiple oxide particle, and 
the thing which said specific non-manganese metallic element comes to contain is 
mentioned. The concentration gradient may be continuous or may be discontinuous. 
It is as follows when the latter is explained further. That is, it has the gestalt that the 



specific non-manganese metallic element has diffused the latter particle toward the 
interior from the particle surface, therefore the gestalt is distinguished from the so-called 
dope structure where the non-manganese metallic element is contained in homogeneity in 
the lithium manganese multiple oxide. If the case where cobalt is used as a non- 
manganese metallic element is mentioned as an example and described concretely, in 
such a particle, the particle surface part contains cobalt by high concentration more 
relatively than the interior of a particle, and the interior of a particle is an original lithium 
manganese multiple oxide which does not contain cobalt, or contains cobalt by low 
concentration more relatively than the particle surface part. 

Moreover, other modes of the powdered positive active material of this invention, It 
becomes a lithium manganese multiple oxide as an active principle from said specific 
non-manganese metallic element. On the front face of the fine particles which were 
chosen from the group which consists of manganese oxide, oxy-manganese hydroxide, 
and manganese hydroxide and which consist of a kind at least The process which was 
chosen from the group which consists of the oxide, oxy-hydroxide, and oxide of said 
specific non-manganese metallic element and on which a kind is made to put at least, The 
fine particles prepared such are mixed with the salt containing a lithium hydroxide or a 
lithium, and it is characterized by being prepared through the process which holds the 
process which prepares mixture, and its mixture in temperature of 300-1000 degrees C. A 
postscript is carried out about the detail of the production process. 

As an example of manganese oxide, MnO, Mn 304, Mn203, and Mn02 and Mn 207 are 
mentioned. As an example of oxy-manganese hydroxide, MnO (OH) and MnO (OH)2 are 
mentioned. Mn (OH)2 is mentioned as an example of manganese hydroxide. 
Moreover, the fine particles which some manganese in those compounds becomes from 
what replaced by other elements (for example, calcium, magnesium, aluminum, titanium, 
zinc, chromium, cobalt, nickel, iron) as fine particles which were chosen from the group 
which consists of manganese oxide, oxy-manganese hydroxide, and manganese 
hydroxide, and which consist of a kind at least may be used. 

In here, the vocabulary "covering" is a concept which includes not only adhesion but the 
condition that the exterior (near a surface) has the concentration gradient (it may be 
continuous or may be discontinuous) that it is high and the interior is low, and the non- 
manganese metallic element contains as described above. 

As for a lithium manganese multiple oxide part, in the powdered positive active material 
of above-mentioned this invention, it is desirable to have the spinel type structure 
expressed with formula:LixMn 204 (x show the numeric value of 0 super- 1 less or equal 
among a formula), moreover, it is desirable to have some [ at least ] surface parts of the 
particle which constitutes the powdered positive active material of this invention, i.e., the 
part in which a non-manganese metallic element exists, **, and the structure shown by 
formula: LixMyMn(2-y) 04 (the inside of a formula and M — aluminum, Mg, V, Cr, Fe, 
Co, nickel, or Zn — to be shown - x — 0 - super- — one or less number — it is — y — 0 — 
super- — it is one or less number). 

Subsequently, the manufacture approach of the powdered positive active material for 
nonaqueous electrolyte rechargeable batteries of this invention is explained. Although the 
case where a non-manganese metallic element is cobalt is explained below, the same 
effectiveness is acquired even when any of the above-mentioned non-manganese metallic 
element are used. 



An example of the manufacture approach of the positive active material concerning this 
invention is as follows. That is, the fine particles which were chosen from the group 
which consists of manganese oxide, oxy-manganese hydroxide, and manganese 
hydroxide and which use a kind as a main component at least are suspended in the water 
solution containing water-soluble cobalt salt, and suspension is prepared (process 1). 
Subsequently, blowing air or oxygen into the suspension preferably, a base (alkali) is 
added to the suspension and it neutralizes (process 2). it was chosen out of the group 
which becomes the front face of the fine particles which were chosen from the group 
which consists of manganese oxide, oxy-manganese hydroxide, and manganese 
hydroxide by actuation of this neutralization, and which use a kind as a main component 
at least from the oxide, oxy-hydroxide, and hydroxide of cobalt - a kind is made to put at 
least That is, the sediment of a kind of layer chosen from the group which consists of the 
oxide, oxy-hydroxide, and hydroxide of cobalt is carried out at least. Thus, the prepared 
fine particles are rinsed, it mixes with the salt containing a lithium hydroxide or a lithium 
after desiccation, and mixture is prepared (process 3). 300-1000 degrees C of this mixture 
are held among air or an oxygen ambient atmosphere for 3 to 100 hours preferably [ it is 
desirable and ] in temperature of 400-900 degrees C (process 4). Thus, the positive active 
material of this invention is obtained. 

Although it may be a water solution of water-soluble cobalt salt, if the water solution 
containing water-soluble cobalt salt is a water solution containing water-soluble cobalt 
salt and water-soluble manganese salt, it is still more desirable. When using the latter, the 
layer of the oxide of cobalt and manganese, an oxy-hydroxide 3 or a hydroxide is formed. 
As an example of water-soluble cobalt salt, a cobalt chloride, a cobalt nitrate, and cobalt 
sulfate are mentioned. As an example of water-soluble manganese salt, a manganese 
chloride, manganese nitrate, and a manganese sulfate are mentioned. 
The base used for neutralization is dissociated in a water solution, produces a hydroxide 
ion, and means the matter which neutralizes an acid and produces a salt. As the example, 
a sodium hydroxide, ammonia, and a potassium hydroxide are mentioned. Although a 
base may be used as it is, it is desirable to use with the gestalt of the water solution of 
suitable concentration in respect of workability. 

As an example of the salt containing a lithium, a lithium hydroxide, a lithium nitrate, and 
a lithium carbonate are mentioned. 

A cobalt lithium manganese multiple oxide is generated by holding at least the mixture of 
a kind and the fine particles which contain cobalt especially in the surface part chosen 
from the group which consists of manganese oxide, oxy-manganese hydroxide, and 
manganese hydroxide, and the salt containing a lithium hydroxide or a lithium in 
temperature of 300-1000 degrees C. However, a cobalt lithium manganese multiple oxide 
mainly constitutes the surface part, and the core part mainly consists of a lithium 
manganese multiple oxide. If the temperature in this case is less than 300 degrees C, and 
advance of a reaction will be slow and will exceed 1000 degrees C on the other hand, 
since the particle which constitutes the fine particles containing the aforementioned 
cobalt will dissolve or diffusion of cobalt will become quick, cobalt will be spread even 
into the core part of a particle. 

Other examples of the manufacture approach of the powdered positive active material of 
this invention are as follows. That is, manganese salt, such as manganese oxide or 
manganese carbonate, and manganese nitrate, is mixed with lithium salt, such as a lithium 



hydroxide or a lithium nitrate, and mixture is prepared. Subsequently, the mixture is 
heated and a lithium manganese multiple oxide is obtained. As for this lithium 
manganese multiple oxide, it is desirable that it is what has the aforementioned spinel 
type structure. Thus, cobalt is added to the prepared lithium manganese multiple oxide. 
Addition of cobalt is performed as follows, for example. That is, a lithium manganese 
multiple oxide is suspended in the water-soluble salt of cobalt, and the water solution 
which contains the water-soluble salt of manganese in arbitration. A lithium hydroxide 
(base) is added to the suspension, and it is made to result in neutralization. The solid 
content in suspension is rinsed and it dries. Thus, the obtained fine particles are mixed 
with the salt of a lithium hydroxide or a lithium, and the obtained mixture is heated at 
300-1000 degrees C. Thereby, cobalt can be added near the surface of a lithium 
manganese multiple oxide. As for the water solution for making a lithium manganese 
multiple oxide suspend, it is good that it is a thing containing both water-soluble salt of 
cobalt and water-soluble salt of manganese. 

Moreover, the same positive active material as the above can be obtained also by adding 
a lithium hydroxide to the above-mentioned suspension, evaporating moisture 
subsequently for example, using rotary EBABORETA from the obtained suspension, and 
heating residue on evaporation at 300-1000 degrees C. 

Especially when adding only cobalt to a lithium manganese multiple oxide, a thing [ 
calcinating at an elevated temperature comparatively ] is good for it (namely, when using 
the water solution which does not contain the water-soluble salt of manganese including 
the water-soluble salt of cobalt). Cobalt is spread by this baking. If too short in that case, 
for example, firing time, the lithium cobalt oxide layer in which an oxidation reduction 
property differs from a lithium manganese multiple oxide will be formed in a particle 
front face, consequently the electrode engine performance will deteriorate, 
the manufacture approach of the inaccurate pole active material concerning above- 
mentioned this invention — setting — a non-manganese metallic element — manganese — 
receiving - 0.1-20-mol % - using is desirable. The concentration of the water-soluble 
salt of a non-manganese metallic element of the aqueous phase of suspension has the 
desirable concentration from which the amount of the element concerned becomes 0.05 - 
5 % of the weight. Moreover, when using the water solution containing water-soluble 
manganese salt, the concentration of water-soluble manganese salt of the aqueous phase 
of suspension has the desirable concentration from which the amount of manganese 
becomes 0.05 - 5 % of the weight. As for the fine particles to suspend, it is desirable to 
use the amount which becomes 2-40 % of the weight on the basis of the water-soluble 
salt of a non-manganese metallic element and the amount of the water solution which 
contains water-soluble manganese salt in arbitration. As for the ratio to the manganese of 
a lithium, it is good that it is the ratio which the above mentioned spinel mold multiple 
oxide produces. 

The nonaqueous electrolyte rechargeable battery of this invention serves as either of the 
positive active material of above mentioned this invention, and a negative-electrode 
active material from the nonaqueous electrolyte containing lithium salt. 
In the cell of this invention, an anode plate usually consists of binders for fixing positive 
active material, electric conduction material, and these to a substrate. As an example of 
electric conduction material, the powder of metals, such as carbon black, nature and 
artificial graphite, a carbon fiber and aluminum, and stainless steel, is mentioned. 



Moreover, as an example of a binder, synthetic rubber, such as polyvinylidene fluoride, 
polytetrafluoroethylene resin (for example, thing marketed by the trade name of Teflon) 
and a styrene butadiene rubber, and polyisoprene rubber, is mentioned. 
Cathode usually consists of a negative-electrode active material and a binder. As an 
example of a negative-electrode active material, nature and artificial graphite, and low 
crystallinity carbon, tin oxide, and a metal lithium are mentioned. Moreover, what was 
mentioned as an example of a binder as an example of the binder which constitutes an 
anode plate is mentioned. 

In the nonaqueous electrolyte rechargeable battery of this invention, an electrolyte is 
lithium salt. As an example of the lithium salt used in this invention, LiC104, LiBF4, 
LiAsF6, and LiPF6 are mentioned. Moreover, as an example of the nonaqueous 
electrolyte in which the electrolyte is dissolved, ethylene carbonate, propylene carbonate, 
methylethyl carbonate, dimethyl carbonate, 1, 3-dioxolane, N-methyl oxazolidinone, and 
gamma-butyl lactone are mentioned. 

The particle which the powdered positive active material of this invention serves as a 
lithium manganese multiple oxide as the active principle from specific non-manganese 
metallic elements, such as cobalt, and constitutes the powder concerned contains said 
many of non-manganese metallic elements rather than the interior on the front face. 
Degradation of the electrode engine performance which is easy to produce especially near 
a particle front face by this when deep discharge is reached especially is controlled. 
In the lithium manganese multiple oxide as the conventional active principle, and the 
positive active material which contains cobalt further, the charge-and-discharge capacity 
of the cell using it decreased compared with the positive active material which does not 
contain cobalt. However, in the powdered positive active material in this invention, inside 
the particle which constitutes the powder, specific non-manganese metallic elements, 
such as cobalt, are contained only by the low ratio, or it is not contained substantially 
(that is, it is an original lithium manganese multiple oxide). Therefore, in the interior of a 
particle, loss of the charge-and-discharge capacity produced by addition of specific non- 
manganese metallic elements, such as cobalt, is not produced. 
On the other hand, it is known from the former that addition of the cobalt to positive 
active material has effectiveness in improvement in a charge-and-discharge cycle durable 
property. The amount of specific non-manganese metallic elements, such as cobalt 
required in order to acquire such effectiveness, can also stop metallic elements, such as 
conventional cobalt, a little in this invention as compared with the case where it adds to 
homogeneity to the whole lithium manganese multiple oxide particle. When adding 
conventional cobalt to homogeneity at the whole particle (i.e., when forming dope 
structure), although about 10-20 mol % is made suitable to the amount of manganese, 
even if the amount of cobalt is an addition not more than it in this invention, the 
improvement effect of a charge-and-discharge cycle durable property may be acquired. 
Example Below a concrete example is shown and this invention is explained to it at a 
detail. However, it is not necessary to say that this invention is not what is limited only to 
these examples. 

The "section" in the following examples expresses the "weight section." 
Example 1 The 5 ****** water-solutions 1000 section is made to suspend [ 1-2 
micrometers of major axes, and the needlelike oxy-manganese hydroxide (MnOOH) 
(Chuo Denki Kogyo Co., Ltd. make) 44 section with a shaft diameter of 0.1-0.3 



micrometers ] the six sections and a manganese chloride tetrahydrate for cobalt chloride 6 
hydrate. Blowing air into the obtained suspension, a sodium-hydroxide water solution 
(concentration: 4 % of the weight) is dropped, and it neutralizes. The suspension after 
neutralization is stirred for 2 hours. Then, the suspension is filtered and solid content is 
collected. Ion exchange water washes solid content and, subsequently it dries in 150- 
degree C oven. Thus, fine particles are obtained. 

The 8.0 sections in the obtained fine particles (Mn:Co=20:l (mole ratio)) are mixed with 
the lithium-hydroxide-hydrate of the 1.95 sections. The obtained mixture is fabricated in 
the shape of a tablet using a molding machine. This is held at 600 degrees C for 72 hours, 
and the positive active material which uses a lithium manganese spinel multiple oxide as 
a main component is obtained. 

It mixes mutually and, subsequently the positive-active-material 15 section, the graphite 
1 section, the acetylene black 1 section, the polyvinylidene fluoride 1.5 section, and the 
N-methyl pyrrolidone 35 section are mutually distributed by the homomixer. The 
obtained mixture is applied on aluminum foil and it dries. Thus, a paint film is prepared. 
The obtained paint film is cut in a circle (active-material weight: about 20mg) of 
magnitude with a diameter of 18mm, and an anode plate is produced. 
(Characterization) 

Thus, the charge-and-discharge property was measured using the produced anode plate 
and the lithium counter electrode. Specifically it is the electrical potential difference of 
3.3-4.3V within the limits, and charge and discharge were performed by 0.5mA constant 
current, and charge-and-discharge quantity of electricity was measured. 
The mixed liquor of dimethyl carbonate and ethylene carbonate (1/1 (weight ratio)) was 
used for the polyethylene porosity film and the electrolytic solution, and LiPF6 (one 
mol/(l.)) was used for the electrolyte at the inter-electrode separator. 
Example 2 Heat treatment is presented with a commercial manganese dioxide under the 
condition of 5 hours at the temperature of 600 degrees C. The 6 ****** water-solutions 
500 section is made to suspend cobalt chloride 6 hydrate for the manganic acid ghost 30 
section prepared in response to such heat treatment. Blowing air into the obtained 
suspension, a sodium-hydroxide water solution (concentration: 4 % of the weight) is 
dropped at the bottom of stirring, and it neutralizes. The suspension after neutralization is 
stirred for 2 hours. Then, the suspension is filtered and solid content is collected. Ion 
exchange water washes solid content and, subsequently it dries in 150-degree C oven. 
Thus, powder is obtained. 

The powder 8.0 obtained section (Mn:Co=l 0:0.7 (mole ratio)) is mixed with the lithium- 
hydroxide monohydrate of the 2.0 sections. The obtained mixture is fabricated by the 
same approach as an example 1 , and is heat-treated, and the positive active material 
which uses a lithium manganese multiple oxide with a particle diameter of about 5 
micrometers as a main component is obtained. 

An anode plate is produced by the same approach as an example 1 using the obtained 
positive active material. 

Characterization was performed by the same approach as an example 1 using the anode 
plate. 

Example 3 Heat treatment is presented with commercial manganese carbonate under the 
condition of 5 hours at the temperature of 600 degrees C. The manganic acid ghost 
(particle diameter: about 5 micrometers) prepared in response to such heat treatment is 



processed by the same approach as an example 2, and powder (Mn:Co-l 0:0.7 (mole 
ratio)) is obtained. 

The powder 8.0 obtained section is mixed with the lithium-hydroxide monohydrate of the 
2.0 sections. The obtained mixture is heat-treated by the same approach as an example 1, 
and the positive active material which uses a lithium manganese multiple oxide as a main 
component is obtained. 

An anode plate is produced by the same approach as an example 1 using the obtained 
positive active material. 

Characterization was performed by the same approach as an example 1 using the anode 
plate. 

Example 1 of a comparison The needlelike oxy-manganese hydroxide 8 same section is 
mixed with having used in the example 1 with the lithium-hydroxide monohydrate of the 
two sections. The obtained mixture is fabricated in the shape of a tablet using a molding 
machine. This is held at 600 degrees C for 72 hours, and the positive active material 
which uses a lithium manganese multiple oxide as a main component is obtained. 
An anode plate is produced by the same approach as an example 1 using the obtained 
positive active material. 

Characterization was performed by the same approach as an example 1 using the anode 
plate. 

Example 2 of a comparison The manganese-dioxide 7.56 section is mixed with the 
lithium-hydroxide monohydrate of the 1.9 sections. The obtained mixture is fabricated in 
the shape of a tablet using a molding machine. This is held at 600 degrees C for 72 hours, 
and the positive active material which uses a lithium manganese multiple oxide as a main 
component is obtained. 

An anode plate is produced by the same approach as an example 1 using the obtained 
positive active material. 

Characterization was performed by the same approach as an example 1 using the anode 
plate. 

Example 3 of a comparison The manganese-dioxide 7.56 section is mixed with the cobalt 
carbonate of the 1.14 sections, and the lithium-hydroxide monohydrate of the 2.2 
sections. The obtained mixture is fabricated in the shape of a tablet using a molding 
machine. This is held at 800 degrees C for 72 hours, and the positive active material 
which uses a lithium manganese multiple oxide as a main component is obtained. In this 
positive active material, a cobalt element is not unevenly distributed in the surface part of 
the particle which constitutes positive active material, and exists in homogeneity at the 
whole. 

An anode plate is produced by the same approach as an example 1 using the obtained 
positive active material. 

Characterization was performed by the same approach as an example 1 using the anode 
plate. 

Example 4 of a comparison The manganese carbonate 10 section is mixed with the cobalt 
carbonate of the 1 .14 sections, and the lithium-hydroxide monohydrate of the two 
sections. The obtained mixture is held at 800 degrees C for 72 hours, and the positive 
active material which uses a lithium manganese multiple oxide as a main component is 
obtained. In this positive active material, a cobalt element is not unevenly distributed in 
the surface part of the particle which constitutes positive active material, and exists in 



homogeneity at the whole. 

An anode plate is produced by the same approach as an example 1 using the obtained 
positive active material. 

Characterization was performed by the same approach as an example 1 using the anode 
plate. 

The result of the characterization performed in the above-mentioned example and the 
example of a comparison is shown in Table 1. 

If the positive active material of this invention is used so that clearly from the result, 
compared with a case (examples 1 and 2 of a comparison), it excels in the charge-and- 
discharge cycle durable property of a cell using the positive active material which uses 
the conventional lithium manganese multiple oxide as a main component, and initial 
charge-and-discharge capacity is almost equivalent. When the positive active material 
which, on the other hand, uses as a main component the lithium manganese multiple 
oxide with which a cobalt element exists in homogeneity is used (examples 3 and 4 of a 
comparison), compared with the examples 1 and 2 of a comparison, the fall of initial 
charge-and-discharge capacity is remarkable. 
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